102 are either very rare or doubtful (Bures et al. 2004) . Chromosome studies of the Turkish Cirsium species reported that the taxa have 2n=32, 34, 60, and 68 diploid chromosome numbers (Ozcan et al. 2008 , Yuksel et al. 2013 .
Cirsium is a taxonomically complex genus with many hybrids. Several multidisciplinary studies such as anatomy, palynology, molecular and karyological are needed to clarify the taxonomy of the genus. Therefore, the karyology of Turkish Cirsium species is currently being studied in order to clarify their taxonomy and make contributions to other multidisciplinary studies on the genus.
Materials and methods

Plant materials
All plant specimens were collected from natural habitats during the fruiting season in 2006 and 2007 as a part of a taxonomic revision of the genus Cirsium in Turkey. The examined taxa, localities and voucher numbers are given in Table 1 . The specimens were identified according to the pertinent reference works given in the literature (Davis and Parris 1975 , Davis et al. 1988 , Guner et al. 2000 , Yildiz et al. 2009a , Yildiz 2012 . The voucher specimens were deposited at the Balıkesir and Inönü University Herbarium, Turkey. Y. Kiran Cytologia 83(4) Chromosome analysis Approximately 100 seeds belong to 10 plant specimens were used for each taxon. Thirty roots of each species were used from seeds germinated on a moist filter paper in petri dishes at 25 C. The actively growing root tips were pretreated with 0.05% colchicine for 3-3.5 h at room temperature. The material was fixed with Carnoy fixative (1 : 3 glacial acetic acid-absolute ethanol) for at least 24 h at 4 C, hydrolyzed in 1 M HCl at 60 C for 15 min, then rinsed in tap water for 3-5 min, stained in Feulgen staining or reaction for 1 h, and mounted in 45% acetic acid (Elci 1982) . Digital microphotographs from at least seven well-spread metaphase plates were taken using an Olympus BX51 microscope and were recorded with an Olympus Camedia C-4000 digital camera.
The chromosome numbers of the species were identified and checked using the Flora of Turkey (Davis and Parris 1975) and supplements (Davis et al. 1988 , Guner et al. 2000 . Also, the online chromosome number databases, Index to Plant Chromosome Numbers (http://www.tropicos.org/Project/IPCN) and Index to Chromosome Numbers in Asteraceae (http://www.lib. kobe-u.ac.jp/infolib/meta_pub/G0000003asteraceaesre-sult-en) were checked.
The number of somatic chromosomes, chromosome length range, haploid chromosome length, arm ratio, relative length, and karyotype formula were determined. Karyotype formula was determined based on centromere position (Levan et al. 1964) . The ideograms of these taxa were arranged in decreasing lengths according to the metaphase chromosome size (Martin et al. 2009 ). Karyotype asymmetry was determined by using various techniques including total form percentage (TF%), percentage karyotype asymmetry index (AsK%), index of karyotype symmetry (Syi), index of chromosome size resemblance (Rec) and the degree of asymmetry for karyotypes (A) (Huziwara 1962 , Arano 1963 , Greilhuber and Speta 1976 , Watanabe et al. 1999 , Venora et al. 2002 . While the intrachromosomal asymmetry index (A1) and the interchromosomal asymmetry index (A2) was calculated according to the formula proposed by Romero Zarco (1986). Also, karyotype symmetry nomenclature was determined based on Stebbins' classification (Stebbins 1971) .
Results
C. steirolepis
Petrak is an endemic species and in montane woods (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges 5.00 to 8.93 µm and the total karyotype length was 113.9 µm. It consists of 17 m chromosomes. Arm ratios are 1.07-1.43 and relative lengths are 4.38-7.84% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1a and 2a.
C. bulgaricum DC. İs growing in Pinus vegatation by a roadside, in Abies area, siliceous substrate, between altitudes of 1200 and 1800 m asl (Davis and Parris 1975) . The somatic chromosome number was found to be 2n=2x=34. The chromosome length ranges 3.60 to 6.40 µm and the total karyotype length was 83.80 µm. It consists of 1M and 16 m chromosomes. Arm ratios are 1.00-1.50 and relative lengths are 4.29-7.63% (Table  2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1b and 2b. C. polycephalum DC. is an endemic species that grows on dry places by roadsides, in fields, dry hills, open places, near sea level, at altitudes of 50 m (Davis and Parris 1975) . The seeds were collected from Kırklareli Province ( Table 1 ). The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 6.31 to 11.54 µm and the total karyotype length was 137.69 µm. It consists of 1M and 16m chromosomes. Arm ratios are 1.00-1.28 and relative lengths are 4.58-8.38% (Table 2) . To our knowledge, this is the first count for this endemic species. Somatic metaphase chromosomes and idiograms are given in Figs. 1c and 2c. C. trachylepis Boiss. is a perennial endemic species grows in woods at altitudes of 1700-2200 m (Davis and Parris 1975) . The somatic chromosome number of this 
species was found to be 2n=2x=34. The chromosome length ranges from 6.00 to 13.07 µm and the total karyotype length was 147.92 µm. It consists of 17m chromosomes. Arm ratios are 1.12-1.66 and relative lengths are 4.05-8.83% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1d and 2d . C. sommieri Petr. is a perennial endemic Irano-Turanian Element. Its distributed on the forest (basalt rock), roadside, rocky slopes, cultivated land and waste places, between 1170 and 2450 m asl (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 3.00 to 5.60 µm and the total karyotype length was 73.90 µm. It consists of 17m chromosomes. Arm ratios are 1.10-1.33 and relative lengths are 4.05-7.57% (Table  2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1e and 2e .
C. osseticum (Adams) Petrak is growing on rocky slopes in Picea forest, coniferous forests, lush pasture, at altitudes of 950-1720 m asl (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 5.08 to 8.77 µm and the total karyotype length was 109.77 µm. It consists of 17 m chromosomes. Arm ratios are 1.08-1.53 and relative lengths are 4.62-7.98% (Table  2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1f and 2f .
C. leucocephalum (Willd.) Spreng ssp. tenuilobum (K. Koch) Greuter is an endemic, Irano-Turanian Element and synonym with C. lappaceum (Bieb.) Fisher ssp. tenuilobum (C. Koch) Davis & Parris. Its grown in edges of cultivated fields, fallow fields, steppe, between 1520 and 2300 m asl (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 5.25 to 10.31 µm and the total karyotype length was 127.13 µm. It consists of 17m chromosomes. Arm ratios are 1.12-1.50 and relative lengths are 4.12-8.10% (Table  2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1g and 2g. C. haussknechtii Boiss. is a perennial species and Irano-Turanian Element, that grows on field drain, dry waste ground, at altitudes of 1140-1950 m (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 3.40 to 6.60 µm and the total karyotype length was 81.90 µm. It consists of 17m chromosomes. Arm ratios are 1.13-1.45 and relative lengths are 4.15-8.05% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1h and 2h . C. ekimianum Yildiz & Dirmenci is biennial and perennial herb. Its grown on the steppe, at altitudes of 1800-2000 m (Yildiz and Dirmenci 2008) . The seeds were collected from Erzurum-Aşkale Province ( Table  1) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 4.16 to 7.62 µm and the total karyotype length was 97.26 µm. It consists of 1M and 16m chromosomes. Arm ratios are 1.00-1.31 and relative lengths are 4.27-7.83% (Table 2 ). To our knowledge, this is the first count for this endemic species. Somatic metaphase chromosomes and idiograms are given in Figs. 1i and 2i .
C. handaniae Yildiz, Dirmenci & Arabacı is perennial, endemic Euro-Siberian Element. Its grown on the deep-soiled steppe, where grasses are dominant. It is known only from the type locality (Yildiz et al. 2009a) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 5.54 to 8.92 µm and the total karyotype length was 120.59 µm. It consists of 1M and 16m chromosomes. Arm ratios are 1.00-1.52 and relative lengths are 4.59-7.39% (Table 2) . To our knowledge, this is the first count for this endemic species. Somatic metaphase chromosomes and idiograms are given in Figs. 1j and 2j .
C. davisianum Kit Tan & Sorger is an endemic, Irano-Turanian Element. Its distributed on stony places, steppe, between 2500 and 2800 m asl (Davis et al. 1988) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 5.16 to 11.62 µm and the total karyotype length was 139.32 µm. It consists of 1M, 15m and 1sm chromosomes. Arm ratios are 1.00-1.78 and relative lengths are 3.70-8.34% (Table 2) . To our knowledge, this is the first count for this endemic species. Somatic metaphase chromosomes and idiograms are given in Figs. 1k and 2k. C. hypoleucum DC. is a perennial species and EuxineElement, that growing in forests (coniferous or deciduous), on shady banks and rock ledges, 2000 m (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 4.10 to 6.60 µm and the total karyotype length was 84.90 µm. It consists of 17m chromosomes. Arm ratios are 1.10-1.38 and relative lengths are 4.82-7.77% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1l and 2l. C. pseudopersonata Boiss. & Bal. ssp. pseudopersonata is an endemic, Euxine-Element. Its distributed on forests of Picea orientalis, shady banks and stream sides, alpine meadows, at altitudes of 1480-2290 m (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 2.70 to 5.30 µm and the total karyotype length was 68.00 µm. It consists of% 2M and 15 m chromosomes. Arm ratios are 1.00-1.43 and relative lengths are 3.97-7.79 (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1m and  2m. C. pseudopersonata Boiss. & Bal. ssp. kuznezowianum (Somm. & Lev.) Petrak is a perennial species and Euxine-Element, that distributed on forests of Picea orientalis, shady banks and stream sides, alpine meadows, at altitudes of 1480-2290 m (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 5.69 to 10.00 µm and the total karyotype length was 118.44 µm. It consists of 17m chromosomes. Arm ratios are 1.05-1.35 and relative lengths are 4.80-8.44% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1n and 2n .
C. canum (L.) All. is perennial and Euro-Siberian Element. Its grown on water meadows, marshy places, springs and ditches, at altitudes of 150-1620 m (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 4.62 to 7.39 µm and the total karyotype length was 100.27 µm. It consists of 1M and 16m chromosomes. Arm ratios are 1.00-1.56 and relative lengths are 4.60-7.37% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1o and 2o.
C. obvallatum (Bieb.) Fischer is grown on ravines, rocky igneous slopes near streams, at altitudes of 2050-2800 m (Davis and Parris 1975) . The somatic chromosome number of this species was found to be 2n=2x=34. The chromosome length ranges from 4.93 to 9.23 µm and the total karyotype length was 117.89 µm. It consists of 17m chromosomes. Arm ratios are 1.05-1.50 and relative lengths are 4.18-7.82% (Table 2) . Somatic metaphase chromosomes and idiograms are given in Figs. 1p and 2p.
Discussion
The genus Cirsium is a taxonomically complex genus with many hybrids. Therefore, in this study, we focused on this genus. In this study analyzed sixteen taxa, nine of them are endemic species in Turkey. The somatic chromosome number of all studied taxa were determined as 2n=2x=34. Different chromosome counts have been reported in the genus Cirsium. In addition to these chromosome numbers, other chromosome counts such as 2n=16, 18, 20, 22, 51, 56, 102 are also known (Aishima 1934 , Arano 1957 , Frankton and Moore 1961 , Fedorov 1969 , Moore and Frankton 1962 , 1966 , 1967 , 1969 , 1974 , Tonian 1981 , Goldblatt 1981 , 1984 , 1985 , 1988 . However, the most Y. Kiran Cytologia 83(4) frequent chromosome number within the genus Cirsium is diploid 2n=2x=34 and tetraploid 2n=4x= 68. Nouroozi et al. (2010) were reported 2n=34 in C. osseticum, C. haussknechtii and C. obvallatum. The chromosome number of these species was also found to be 2n=34 in our study. Somatic chromosome number is 2n=34 of C. canum were reported (Nilsson and Lassen 1971 , Kuzmanov and Anchev 1973 , Uhrikova 1978 , Májovský 1978 , Javůrková-Jarolímová 1992 , Albers and Pröbsting 1998 . Our investigations confirm these data, the determined chromosome number is 2n=34.
Chromosome number of C. steirolepis was reported as 2n=34 (Snogerup 1995) . According to previous studies by Ozcan et al. (2008 Ozcan et al. ( , 2011 on Turkish Cirsium species, chromosome numbers of 36 taxa established as 2n=32, 34, 36, and 68. This study reported chromosome numbers (2n=34) of C. trachylepis, C. bulgaricum, C. sommieri, C. osseticum, C. hypoleucum, C. pseudopersonata ssp . pseudopersonata, C. pseudopersonata ssp. kuznezowianum and C. obvallatum confirm these dates. Yuksel et al. (2013) analyzed of 10 Cirsium species belongs to sect. Epitrachys distributed in Turkey. It has been reported that the number of chromosomes generally of these species is 2n=34.
Chromosome length is important because it is useful to single out individuals, samples, populations or species, besides being an indirect indicator of the total DNA amount. However, it has the disadvantage of being affected by the degree of chromatin condensation and by the pretreatment method (Chiarini et al. 2018) . Chromosome lengths show wide variations. The smallest measurement in terms of length of the haploid chromosome is C. pseudopersonata ssp. pseudopersonata (68.00 µm), and the largest haploid chromosome has a C. trachylepis (147.92 µm) taxon. The mean chromosome length varies between 2.70 and 13.07 µm. The smallest chromosome length is in C. pseudopersonata ssp. pseudopersonata while the longest chromosome length was seen in C. trachylepis. The present study showed that the smallest arm ratio was determined in C. bulgaricum, C. polycephalum, C. ekimianum, C. handaniae, C. davisianum, C. pseudopersonata ssp. pseudopersonata, C. canum (1.00) and the longest arm ratio was deternined in C. davisianum (1.78), whereas the lowest relative length was observed in C. davisianum (3.97) and the highest relative length was found in C. trachylepis (8.83). Karyotype analysis indicated that chromosomes of Cirsium taxa generally have karyotypes composed of most m and a few M chromosomes. In addition, only C. davisianum species has one sm chromosome (Table 2) .
Karyotype asymmetry was determined by using several methods; TF%, AsK%, Syi, Rec and the degree of asymmetry A, A1 and A2. Also, the Stebbins classification of the Cirsium was determined in this study. The results of this study show that TF% between 41. . While A1 indexes between 0.12-0.27, A2 indexes between 0.12-0.22 (Table 3) .
This study will play a positive role to enlighten the taxonomically complex genus. On the other hand, to evaluate ultimately the taxonomic position of this genus in Turkey, it is necessary to carry out further chromosomal studies on Cirsium taxa. A combination of detailed karyotype analysis with molecular studies is needed in order to overcome taxonomic problems of Cirsium plants. 
